Introduction: Annual vaccination against influenza can prevent 59% of influenza-related illness in healthy individuals. However, influenza vaccination coverage rate in Poland remains low, and at a rate of around 3% it is significantly below most other European Union countries, and in particular the United Kingdom (UK), where it is above 60%. The objective of this study is to analyze the potential savings for the Polish health care system based on the assumption that the influenza coverage rate in Poland would be the same as in the UK.
IntroductIon
The World Health Organization (WHO) estimates that between three and five million cases of severe illness and between 250,000 and 500,000 deaths occurring around the world every year are associated with influenza [1] .
Influenza not only poses a serious epidemiological threat but is also a critical economic issue. For example, in the United States (US) annual direct costs of influenza, including the cost of medications, and hospital and doctor's visits, are estimated at above $4.6 billion. Influenza leads to a loss of approximately 17 million workdays every year among employees in the US, with an estimated cost of $7 billion per annum in sick days and lost productivity [2] .
Annual, seasonal influenza vaccination is the most effective public health intervention to reduce the morbidity and mortality toll of influenza, but the discussion about the cost and benefits of vaccination is still open [3] . Economic impacts of seasonal influenza vary across European Union (EU) countries, but little estimation has been conducted so far for Poland, in large part due to the lack of reliable and accurate data.
Vaccination coverage is defined as the percentage of persons in a population who have received at least one dose of influenza-containing vaccine in a given season in relation to the overall population. Influenza vaccination coverage in Poland remains low, and at a rate of around 3% it is significantly below most other European Union countries [4] . On the other side of the spectrum is the United Kingdom (UK) where annual vaccination against influenza is relatively well established among the eligible population, and the coverage is at over 60%.
The aim of this study is to estimate the potential and calculable savings for the Polish health care system, based on the assumption that the influenza coverage rate in Poland would be the same as in the UK. It can provide a blueprint for analysts conducting studies estimating total influenza costs in Poland, and can help guide policy makers in interpreting such studies.
MAterIAl And Methods
The literature gives six categories of potential costs associated with a diagnosis of influenza: inpatient hospitalization, outpatient visits, self-medication, death, and productivity loss (presenteeism and absenteeism) [5] . While most medical and economic studies have evaluated influenza within high income countries, data regarding the impact of influenza in Central and Eastern Europe, including Poland, is scarce [6] . Because of very poor availability of health care cost data, this study captures only part of the real influenza costs in Poland.
An economic model was designed to evaluate two types of potential savings associated with higher, UK-level influenza vaccine coverage in Poland: avoided productivity loss and avoided costs of respiratory hospitalization related to the influenza viruses. Those were the only types of costs for which enough reliable data exist in Poland. This methodology is used to illustrate the financial benefit of higher immunization rates in Poland rather than to show cost effectiveness of influenza vaccines.
The analysis was conducted from the societal perspective in the timeframe of one year. Cost data from the latest available comparative period for Poland and the UK -2016 -was used. This is because no data was available at the time of this study on the average value of pulmonary hospitalization in the Polish National Health Fund for the year 2017.
An overview of the analytical framework used in this study is shown in Figure 1 .
The assumed model estimates total expected savings as costs avoided due to disease prevention from vaccination. Number of persons protected (NPP) by successful vaccination was calculated from the input number of individuals (n i ) in the influenza infected population multiplied by the difference between coverage vaccination rates in the UK (CRUK) and in Poland (CRPL) and expected efficacy (EE) of influenza vaccines.
NPP = n i × (CRUK -CRPL) × EE
Cost of productivity loss (Cpl) was calculated by using human capital approach. The human capital method is the oldest and historically most popular method of estimating the value of time losses. With this approach the value of lost productivity is considered to equal the present value of future earnings during the period of lost (or impaired) ability to work or to enjoy leisure activities [7] .
The data about days of work missed because of illness come from Polish Social Insurance Institution (ZUS) and data about Gross Domestic Product and number of employees from the Polish Central Statistical Office (GUS). Work productivity loss was estimated by the total number of missed work days due to illness multiplied by average cost of working day.
An average cost of value of 1 working day is counted by using a human capital approach. The production function framework used is based on the standard specification of the Cobb-Douglas production with constant returns to scale, where potential GDP can be expressed Savings in productivity loses because of higher vaccination rate Savings in pulmonary hospitalization expenses because of higher vaccination rate formally as total output represented by a combination of factor inputs manipulated by total factor productivity (TFP) [9] . The share of labour costs in total value-added is set at 0.65, used by the European Commission to estimate macroeconomic components [8] .
Cost of pulmonary hospitalization (C ph ) was calculated as number of pulmonary hospitalizations connected with influenza (identified virus) multiplied by average cost of a pulmonary hospitalization.
Unit cost (C u ) for one infected person is the quotient of the sum of costs and number of individuals (n i ) in the influenza infected population.
Partial expected savings (PEP) from avoided influenza cases was computed for each type of costs. Productivity loss savings were counted as a number of persons protected (NPP) multiplied by unit cost (C u ).
PEP = NPP × C u results

number Of influenza cases and immunisatiOn cOverage rates
In 2016, a total of 4,316,823 cases of influenza and influenza-like infections were reported in Poland (Table 1) . In 2004, Poland implemented an influenza surveillance system called Sentinel, a selective system of integrated epidemiological and virological surveillance of influenza. The following institutions participate in the system: a representative number of family physicians, sanitary-epidemiological stations, and the National Influenza Center, NIPH-NIH, as the coordinator. The Sentinel system enables active surveillance through the collection of data from selected active sentinel sites, such as outpatient clinics, health centres, hospitals, or from individual participants, such as family physicians. Sentinel is similar to systems existing in other countries and consistent with EISS (European Influenza Surveillance Network). Information received from the selected sentinel sites that cover only certain parts of the population is used to assess the situation in the entire population [10] .
In 2016 almost 1650 samples were tested in the Sentinel system, of which 41.08% were found positive. We estimated that a little over 41% of them were influenza cases. The coverage rate of influenza vaccination in the overall population was 3.4% in Poland [11] and 62.1% in the UK [12] . The epidemiological data presented in Table 1 were predominantly drawn from the Polish National Public Health Institute -the National Institute of Hygiene databases, and from the Public Health England [12] . Efficacy of influenza vaccination was assumed very conservatively on the 59% rate, according to Osterholm et al. [13] .
As shown in the last line of Table 1 , based on the assumption that influenza coverage rate would be the same as in the UK, Poland could avoid almost 35% of influenza cases.
cOsts Of pulmOnary hOspitalisatiOn
The Polish National Health Fund (NFZ) publishes very scarce data about health care utilization. Unfortunately, influenza is not an exception from that rule. The registry of the National Public Health Institutethe National Institute of Hygiene contains approximately 16,000 records of hospitalization due to influenza or influenza-like illness in 2016. About 90% of them are respiratory-related hospitalization. Information from the Polish third-party payer (NFZ) is given in Table 2 .
There is a huge difference between the estimate of 16,000 hospitalization due to influenza and influenzalike infections given by the Polish public health service, and of almost 7600 pulmonary hospitalizations given by the NFZ third party payer. We therefore decided to take a conservative approach and use the lower, NFZ, estimate, for the purpose of this analysis. The average value of a pulmonary hospitalization in the 2016 Polish National Health Fund was estimated at PLN 4451.66. cOsts Of prOductivity lOss Data on the number of missed work days due to influenza was drawn from the Polish Social Insurance Institution (ZUS). The total number of days missed because of influenza-like illness in 2016 was 1,044,805 days. Of them, 45% were classified as influenza from identified virus and 55% as influenza-like illness from unidentified pathogen. This is why only 468,417 missed work days were taken into account in this analysis (Table 4) .
partial expected savings
Total costs of product loss and pulmonary hospitalization were calculated as PLN 168,722,069. Converting this to the Unit cost, we can estimate that one infected person cost PLN 94.68. In this case, partial expected savings (PEP) connected with less productivity loss and pulmonary hospitalization frequency for the Polish society would be PLN 58,432,235, if the influenza coverage rate was on the UK level.
dIscussIon
An important step towards evaluating the impact of influenza vaccination programmes is to determine how many infections and hospitalizations are caused by the influenza virus. This study was based on register data on cases of influenza and influenza-like infections from the National Public Health Institute -the National Institute of Hygiene. Basic data on influenza originally come from reports sent (four times in a month) to provincial sanitary and epidemiological stations by all health care units and physician practices within the Statistical Research Programme of Public Statistics (MZ-55, Report on cases and persons suspected of influenza) [14] . It is worth adding that this passive surveillance system has major limitations in terms of reporting accuracy. The Sentinel Surveillance System, in contrast, is a much better active surveillance system, but the number of samples in Poland is definitely too low (only 0.04% of all reported cases). To calculate the costs we used data on the number of pulmonary hospitalization from the Polish National Health Fund (NFZ), and on the number of missed work days due to influenza from the Polish Social Insurance Institution (ZUS). While this is the best data available, it is important to keep in mind its limitations, and the fact that both databases are not error free. Despite this, we have decided to take into account source data. We believe that more conservative estimates are preferred to exaggerated assumptions which are too often used in economic research.
There is not enough reliable data about the total costs of influenza in Poland, especially costs of GP and specialists visits due to influenza, or patients' out of pocket expenses. This makes our cost calculations appear less accurate than studies that use full influenza cost-estimates based on expert opinions and own assumptions. We have therefore decided to show costs which we could justify by the use of official statistics.
conclusIons
The results demonstrate that greater influenza vaccination coverage could generate substantial economic savings for the Polish health care and social security systems. If vaccination coverage improves beyond the recently recorded level, the potential for cost savings will be significant. This research only showed part of the picturethere are more direct and indirect costs involved than just pulmonary hospitalizations and the loss of productivity. There is an urgent need for further research in this field.
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